A theory is outlined for the potential energy distribution in the presence of redundancies. Numerical examples are given for the cage-like molecules P4S3, P4Se3, ÄS4S3, As4Se3 and PAs3S3, for which the molecular vibrations have been analysed previously.
Introduction
Let S denote a complete set of independent internal coordinates in the theory of molecular vibrations [1, 2] . They may, for instance, be symmeüy coordinates. The matrices F (force-constant matrix) and L(S = LQ. where Q designates the normal coordinates) are supposed to be based on the S coordinates. For the frequency parameter Xk one has Xk -2 (1) i j
This parameter is the coefficient in the part of 2 V (V is the potential energy) belonging to the normal coordinate Qk. The potential energy distribution (PED) terms are defined by [3] [4] [5] -L 2 ikFujX]c.
Cyvin et al. [5] have discussed the influence on PED terms when redundancies from the internal coordinates are removed in different ways. The PED for the cage-like molecule P4S3 was analysed using two different sets of symmetry coordinates (A and B), both without redundancies. The PED terms were found to be critically dependent on this choice of coordinates and hardly meaningful at all in one of the cases (A).
In the present w r ork it is shown how the PED terms may be derived uniquely even in the presence of redundancies. Hence the dilemma of choosing an adequate set of independent internal coordinates (such as the A and B symmetry coordinates in the cited example [5] ) is eliminated in one sense. But it is true that the PED terms depend on the particular choice of coordinates [5, 6] . However, they may be chosen as a set of linearly dependent Reprint requests to Prof. S. J. Cyvin, Division of Physical Chemistry, The University of Trondheim, N-7034 Trondheim-NTH, Norwegen.
coordinates. Let such a set of internal coordinates be identified by the symbol R. The PED terms of course also depend on the force field; it may be defined by P in terms of the R coordinates.
The present theory is applied to P4S3 [5, 7, 8] ,
P4Se3. As4S3, As4Se3 [7. 9] and PAs3S3 [9] .
Theory

Definition of Xik
The PED terms based on a set of R coordinates are defined in analogy with (2):
Here the Lik elements belong to the transformation matrix of R = LQ.
The xik terms are not uniquely defined in as much as the force field does not uniquely determine an P matrix w r hen redundancies are involved. When a linear dependence exists among the R coordinates, there is namely an infinite number of P matrices compatible with the same physical force field. On the other hand, when a definite P matrix is chosen to define a force field, the corresponding Xik terms may be derived uniquely. The Lik elements are completely determined when the force field is given.
Derivation of L
Let the R coordinates be given in terms of the cartesian displacement coordinates by R -Bx . 
This equation is consistent with the T-matrix formulation of Cyvin [11] ,
By inserting S = LQ into (6) and simultaneously
On comparing (8) with (4) one finally obtains
It should be noted that the matrix L does not depend on the particular choice of the S coordinates.
Alternative Derivation of L
The T matrix [11] is defined in a general sense.
It may be adapted to the L matrix when the independent coordinates are taken as the normal coordinates (Q):
cf. (7). Here TQ = L, GQ = Gq 1 = E, and the B'Q matrix is obtained from
Insertion into (10) gives the above formulas (8) and (9) .
Practical Application
In practical computations it is often useful to define a force field by means of an P matrix in the presence of redundancies. The corresponding PED terms, xtk, may hence be given according to the theory outlined above. These terms are particularly meaningful if F is a diagonal matrix. In that case one has [5] = (12) i A diagonal P matrix in terms of valence coordinates including redundancies has frequently been assumed to define an initial force field of cage-like [5, 8, 9, 12 -15] , planar cyclic [16] and planar polycyclic [17 -19] molecules.
Numerical Examples
The present theory has been applied to some cage-like molecules with the structure of P4S3 [5, 7, 8] . This molecule has one apical P atom (Pa) and three basal P atoms (Pb)-The other molecules of this investigation are P4Se3, AS4S3, As4Se3 and PAS3S3 [7, 9] . A simple force field approximation represented by a diagonal P matrix in terms of valence coordinates including redundancies was assumed. In fact the same numerical form of the P matrix [5, 8, 9] was assumed for all the five molecules in question. All stretchings and bendings were employed as the valence coordinates. They are listed in Table 1 . Table 2 shows the calculated frequencies and the PED terms x\k of (3) multiplied by 100. Contributions from symmetrically equivalent coordinates are added in accord with their multiplicity (cf. Table 1 ). The condition (12) or =100; lik=l00xik (13) i is fulfilled in the present case.
It is interesting to observe the great shifts of PED terms from one molecule to the other; in many cases the whole pattern of dominating terms is altered. These effects are entirely due to the large mass shifts, in addition to smaller shifts in structural parameters [8, 9] . The present results show many similarities with those of the computations [5, 8, 9] based on the independent symmetry coordinates designated Sa [5] (where the a and d coordinates are omitted). The computations confirm many of the empirical descriptions of normal modes in the experimental assignments of P4S3 [7, 8] , P4Se3, AS4S3 and As4Se3 [7] . Thus, for instance, the n[Ai) frequency is assigned to the s, s, t and s types, respectively, through this series of molecules. For AS4S3 the agreement is excellent throughout, but otherwise there are several controversies. 
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In particular the computations suggest the empirical descriptions of vi and vs (.4i) to be interchanged for P4S3, P4Se3 and As4Se3. This is also the case for VE (E) and V% (E) in P4Se3. In species E the results of the computations (Table 2 ) display a somewhat confusing pattern. In general it is concluded that the normal modes are highly mixed; a description of them in terms of simple motions is hardly possible.
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